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PREFACE

Technology Incorporated prepared this third volume of a
five-volume report to document the data tabulations for the
Structural Area Inspection Frequency Evaluation (SAIFE) in ac-
cordance with Article II, paragraph B of Contract DOT-FA74WA-
3493. Volume III completes the requirements of Phases IV and V
of the contract. The effort is sponsored by the Aircraft Safety
and Noise Abatement Division, Systems Research and Development
Service of the Federal Aviation Administration.

The principal Technology Incorporated personnel engaged on
this program were Mr. Carter J. Dinkeloo, project engineer, who
served as principal investigator; Mr. Martin S. Moran, research
engineer, who developed the model for the SAIFIE computer program;
and Mr. Ronald I. Rockafellow, program manager.

The contract monitors for the FAA were Messrs. Herbert
Spicer and Charles Troha of the Aircraft Safety and Noise Abate-
ment Division. The technical monitor was Mr. Arnold E. Ander-
jaska of the Flight Standards Division.
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I. INTRODUCTION

The structural area inspection program for a commercial jet
transport is initially established and subsequently modified by a
subjective evaluation process that depends primarily on the
operational experience of similar aircraft. The good safety
record of U.S. air carriers indicates that this process has been
successful. However, with the increasing size and complexity of
second- and third-generation transport aircraft, there is a need
to quantify the evaluation process more precisely.

Because of the extreme complexity of the evaluation process,a computer simulation of all critical aircraft service life
aspects was judged the most rational means for quantifying the
process more exactly. As a five-volure document, this report
documents the resultant Structural Area Inspection Frequency
Evaluation (SAIFE) simulation logic. SAIFE accounts for the
following factors: (1) aircraft design analysis; (2) component
and full-scale fatigue testing; (3) production, service, and
corrosion defects; (4) probability of crack or corrosion detec-
tion; and (5) aircraft modification economics. It treats these
factors in a logical sequence that realistically represents the
procedure currently used to establish and modify inspection
intervals. SAIFE is designed to provide a repeatable method for
evaluating proposed inspection programs. However, it is not
intended to supplant the Maintenance Review Board or the air
carrier use of the Standard Operations Specification -Aircraft
Maintenance.

As Volume III, this volume summarizes the approach to the
data collection problem and presents in Appendices A and D the
input data required for a SAIFE demonstration and parametric
study respec-ively and in Appendices B and C the data tabulations
from which the Volume II decision functions were derived. Appen-
dices A, B and C are on the microfiche included with this report.
Appendix 13 presents the results of a maintenance inspector sur-

vey, and Appendix C lists the computer-formatted data from the
Mechanical Reliability Reports/Service Difficulty Reports (MRR/
SDR) submitted by air carriers to the FAA from 1963 through 1973.
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II. APPROACH TO TII DATA COLLECTTON PROBLEM

As originally intended, the SAIFE demonstration was to
represent the structure of a current wide-body jet transport air-
craft with up to 4000 structural elements. This requirement,however, was modified because (1) suitable detailed structuraldata for a single aircraft type were not available and (2) the

simulation of a hybrid aircraft would ensure concentrating on
the effectiveness of SAIFE in simulating the structural opera-
tional experience of an aircraft fleet rather than on the cor-
rectness and accuracy of the input data.

Consequently, the data in References 1, 2, and 3 for theI
DC-10 and B-747 aircraft were used to derive the input datafor a hybrid wide-body jet aircraft. For the realistic and

typical performance of the SAIFE logic, the SAIFE demonstration
was designed for 1369 structural elements. These elements make
up the aircraft primary structure which includes the wing from
front to rear spar and all of the pressurized portion of the
fuselage. The secondary structure, including control surfaces
and the empennage, was not included.

As indicated in Volume II, the SAIFE program input consists
of two parts. The first, called aircraft data, is constant for
all elements throughout the simulation. The second, called
element data, is unique to each element requiring a complete
set of data specific to the given element. The following sec-
tions define and describe the two parts. For the aircraft data,
the values used in the demonstration are indicated in the variable
descriptions. For the element data, because of the quantity, the
values used in the demonstration are presented in Appendix A and
the values and data format used in the parametric study are pre-
sented in Appendix D.

1. Aircraft Input Data for SAIFE Demonstration

The input parameters which pertain to the aircraft type are
listed and described below in the order in which they are read
in by SAIFE. The values used in the demonstration are given at
the end of each description.

1.1 Model

This parameter identifies the aircraft type under considera-
tion. The aircraft type HYBRID was used for the demonstration.

1.2 Fleet Size

This parameter is the number of aircraft in the fleet being
simulated. A fleet of 500 aircraft was used for the demonstra-
tion.

2
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1.3 Usae Life

This parameter is the service life in flight hours of the
aircraft being simulated. In the demonstration, 60,000 flight
hours were used.

1.4 Time of Production Start

This parameter is the time in flight hours relative to the
start of the simulation when the first aircraft enters service.
This parameter in conjunction with the parameter determining the
fatigue test start enables the user to start the fatigue test of
the element before, after, or at the same time the first air-
craft enters service. A start time of 150 hours was used for
the demonstration.

1.5 Production Rate

This parameter is the time in flight hours between aircraft
entering service. The demonstration used a value of 50 hours.

1.6 Second Production Rate

If the user chooses to modify the production rate during
the simulation, this parameter is the new time between aircraft
entering service. A time of 100 hours was used .in the demonstra-
tion.

1.7 Production Rate Change Time

This parameter is the simulation time when the second pro-
duction rate takes effect. Note that this time is measured from
the time that the first aircraft enters service and not from the
start of the simulation. For the demonstration, a change time
of 5000 hours was used.

1.8 Time of Fatigue Test Start

This parameter is the time in flight hours relative to the
start of the simulation when the fatigue test of an element is
begun. This time was set to zero for the demonstration.

1.9 Fatigue Test Acceleration Factor

This parameter is the quotient of the equivalent flight
hours divided by the fatigue test hours. Afa ctor of 100 was
used in the demonstration.

1.10 Corrosion Growth Rate

This parameter is the corrosion area growth rate in square
inches per hour. The growth rate for each element is modified
by its associated CRR (corrosion resistance rating). The rate
used in the demonstration was 0.002 square inch per hour.



1.11 C7

If a modification is developed because of a fatigue test
failure, this parameter is the percentage of the test life when
the inspection frequency is increased. In the demonstration, 80
percent was used,

1.12 C28
This parameter is the percentage reduction in the remaining

fatigue life of an element when corrosion occurs in a stress con-
centration. In the demonstration, 20 percent was used.

1.13 C29 .
This parameter is the percentage reduction in the remain-

ing fatigue life of an element when corrosion occurs outside a
stress concentration. In the demonstration, 40 percent was used.

1.14 Life Ratio Mean

This parameter is the mean of the log-normal distribution
of the ratio of the actual average fatigue life to the predicted
average fatigue life. A value of 1.0 was used for the demonstra-
tion.

1.15 Life Ratio Standard Deviation

This parameter is the standard deviation of the log-normal
distribution of the ratio of the actual average fatigue life to
the predicted average fatigue life. A value of .354 was used
for the demonstration.

1.16 &

These parameters are the result of fitting an exponential
curve to flight load exceedance data. Aexp(BSa) is the number of
flight loads per hour which exceed the load level Sa. A w .284325
and B - -8.80901 were used in the demonstration.

1.17 Initial Inspection Intervals

These parameters are the initial lengths in flight hours
of the inspection intervals of the four levels of scheduled in-
spections. For the demonstration the intervals used were:
A-level a 25, B-level - 200, C-level - 1000, and D-level - 12000.

1.18 Inspection Costs

These parameters are the inspection costs in dollars for
each of the four levels of inspection. For the demonstrationthe costs used were: A-level a $1440.00, B-level * $7080.00,C-level * $13563.00, and D-level * $19691.00.
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1.19 Sampling Rate

This parameter is the percentage of the fleet to be sampled

during a D-level inspection. In the demonstration, 25 percent was
used.

1.20 Long List Option

This parameter indicates when the user desires the long list
output. The long list was not called for in the demonstration.

1.21 Internal Crack Becomes bxternal

This parameter is the percentage of the element -ritical
crack length at which a crack, which initiated internally, becomes
external. In the demonstration, 100 percent was used.

2. Element Input Data for SAIFE Drnionstration

Wherever the references did not contain all the information
required for each element, the missing data was supplied by
interpolating from the data for adjacent elements, by extracting
data for similar types of elements, or by using engineering
judgment based on the data presented in Volume II of this report
and in the MRR/SDR tabulation (Appendix C).

Appendix A is a complete tabulation of the element input data
for the SAIFI demonstration. The following sections describe the
definition and derivation of the table entries.

2.1 Element Identification

SAIFE is designed to handle as many individual elements in
each aircraft as is necessary. Accordingly, the size of each wing
or fuselage element was determined by naturally occurring design
points such as stringer or frame spacing. The elements were
defined to include all the attached skin and the attachment points
to adjacent ribs or frames. Figure 1 illustrates two typical
elements, a wing stringer element and a fuselage frame element.

The structural elements to be analyzed are identified by
three sets of alpha characters and one set of numeric characters.
The alpha characters define the basic element type and general
location on the aircraft, while the numeric characters define the
spocific location of the element by identifying the wing or
fuselage station number. For example, an element identified as
FUS-STR-TOP-0680 would be a stringer located on the fuselage crown
and centered at fuselage station 680.

This identification system offers a great deal of flexibility
in laying out the elements on any particular aircraft. The
fcllowing abbreviations are used for the element identifications
in Appendix A.

5



[ HOOP STRESS

PRES SURE

Fuselage Frame Element

Wing Stringer Element

Figure 1. Typical Aircraft Elements Used in the
SAIFE Simulation
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FBLEWMNT ID.

PRIN[LAPY LOCATION FUS Fuse lage
WNG Wing
WSC Wing Center Section

AIRCRkFT ELEMENT ACC Access
DOR Door
MFR M!ain Frame
SPR Spar
STR Stringer
SWB Spanri.ise Beam
WIN Window

RELATIVE LOCATION AFT Aft
CEN Center
FWD Forward
BOT Bottom.
SID Side
TOP Top
LSA Lower Surface Aft
LSC Lower Surface Center
LSF Lower Surface Forward
USA Upper Surface Aft
USC Upper Surface Center
USF Upper Surface Forward

2.2 Average Fatigue Life, Predicted

The data for this parameter were extracted from the B-747
Fatigue Integrity Prograin (Reference 1). If the actual average
fatigue life is known, the input for this variable may be zero.

2.3 Average Fatigue Life, Actual

Since the data for this parameter is usually generated by the
SAIFE logic, its input value is normally zero. However, if
sufficient fatigue test or historical information is available,
such information may take precedance over the program-derived data
and, therefore, be used as the input for this parameter.

2.4 Crack Growth Rate

The data for this parameter were extracted from the DC-10
Structural Inspection Program (Reference 3) and the DC-8 Inspec-
tion and Maintenance Program (Reference 4). Although the crack
growth rates in these sources are generally nonlinear, they were
approximated by two linear rates: a "slow" rate for the initial
portion of the crack growth curve and a "fast" rate for the rest
of the curve.

7



[2.5 Crack LeiLth Critic-4l,

The critical crack length is defined as that length where the
crack growth rate changes from "slow" to "fast." This length was
derived from the same data used to determine the crack growth
rates (Section 2.4).

2.6 Crack Length, Safe

The fail-safe crack length is defined as that length where
the primary structure can carry only 80 percent of the design
load.

2.7 Crack Lengthj Failure j
The failure crack length is defined as that length where the

primary structure can no longer carry l.Og (level flight) loads.
Failures that occur in wing elements are catastrophic while those
that occur in fuselagi elements cause decompression and may or may

not be catastrophic.

2.8 Probability of Production Defect

The data for this parameter were derived from an analysis of
the MRR/SDR data. This parameter is presented as production
defect occurrences per aircraft and is further detailed in Section
II, 3.1 of Volume II of this report.

2.9 Service Damage Rate

The data for this parameter were derived from an analysis of
the MRR/SDR data and the results of the survey of maintenance in-
spectors. This parameter is presented as service damage occur-
rences per flight hour and is further detailed in Section II, 3.3
of Volume II of this report.

2.10 Modification Lead Time

This parameter, the time between the decision to develop a
modification and the availability of the modification for in-
stallation, includes the time required for design, procuring
materials, and fabrication. The computer program requires that
calendar days be converted to equivalent flight hours. The
conversion is based on an average yearly aircraft utilization of
3000 flight hours. Therefore,

calendar days * 8.2 - simulation flight hours

2.11 Test Modification

This is a decision variable that indicates whether or not a
modification will be fatigue tested before its installation. The
decision depends on the problem being simulated and is expressed
in code as follows for the computer input: 1 to represent that
the modification will be fatigue tested and 2 to represent that
the modification will not be fatigue tested.

I,?
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2.12 Inspection Interval

The SAIFE logic automatically decreases inspection intervals
according to the results of fatigue tests (TEST DECR) and auto-
matically increases or decreases inspection intervals according
to service experience (SERV DECR, SBRV INCR). The percentage of
increase or decrease is a subjective decision that depends on the
criticality of the element being considered.

2.13 Probability of Internal Crack (CRK) or Corrosion (CORR)

These parameters determine the probability that a defect is
confined to internal structure and, therefore, can only be de-
tected during an internal inspection. The data for these param- I
eters were derived from an analysis of the MRR/SDR data. These
parameters are detailed in Section II, 5.4 of Volume II of this
report..

I
2.14 Inspection Level, Internal and External

The inspection frequency for an element depends on the
lowest inspection level assigned to the element. The internal
and external parts of an element have different inspection levels
assigned to them. It is assumed that when an element is inspected
at the lowest level, it will be inspected at all higher levels.
The levels used in SAIFE are those that the Airlines Trausport
Association commonly refers to as A, Preflight; B, Service; C,
Phase; and D, Overhaul.

2.15 Repair Cost at Each Inspection Level: A, B, C, and D 4

These costs are the average costs (all costs in the data
tabulations are expressed in terms of dollars) of repairs to.
elements with defects detected at each inspection level. These
costs were derived from the data gathered by National Airlines
(Reference 5). This parameter is detailed in Section II, 8.3 of
Volume II of this report.

2.16 Tooling Cost, First Modification (FIRST MOD.)

This cost is the average cost of the tooling to produce parts
or assemblies for the first modification of an element. This cost
is an estimate.

2.17 Tooling Cost, Additional Modification (ADD. MOD.)

This cost is the average cost of the tooling to produce parts
or assemblies for the modification of a previously modified
element. This cost is an estimate.

2.18 Installation Cost, First Modification (FIRST MOD.)

This cost is the average cost of installing the first modi-
fication to an element on each aircraft. It includes the cost of
materials or parts, the cost of labor, and the pro-rated cost of
the fixtures and/or special tools required for installation. This
cost is an estimate.

9



2.19 Installation Cost, Additional Modification (ADD. MOD.)

This cost is the average cost of installing a modification to
a previously modified elemient. It includes the cost of materials
or parts, the cost of labor, and the pro-rated cost of fixturesand/or special tools re e fThis cost is an

estimate,.i

2.20 Special Inspection Repair Cost

This cost is the average cost of repairs to elements with
defects detected during a special inspection. This cost is an
estimate based on the data gathered by National Airlines.

2.21 Corrosion Resistance Rating (COR RES RT.)

The corrosion tosistance rating of each element depends on
the materials, design details, and location of the particular
element.

2.22 Probability of Corrosion Occurring in a Stress Concentration
(PROB CORR STRS CON)

The effect of corrosion on the fatigue life of an element
depends on whether or not the corrosion occurs in a stress con-
centration, such as a fastener hole or bend radius. The data for
this parameter were derived from the MRR/SDR data. This parameter
is detailed in Section II, 3.5 of Volume II of this report.

2.23 Corrosion Occurrence Rate, First and Second

The corrosion occurrence rates for each element were derived
from the MRR/SDR data. These rates proved to be nonlinear, that
is, low at the start but increasing with flight time. The non-
linear curve for the derived data was approximated by two straight
lines, one for a slow initial rate and tre other for a faster
second rate. The occurrence rates are detailed in Section II, 3.4
of Volume II of this report. I
2.24 Corrosion Rate Change Time

This parameter is the time that the corrosion occurrence rate
changes from the slow to the fast rate, as discussed in the
preceding section.

3. Survey of Maintenance Inspectors

To survey maintenance inspectors about the size of defects
that could be detected at each inspection level, a comprehensive
questionnaire was formulated and copies were mailed to the re-
sponsible personnel of ten air carriers, the FAA, and the U. S.
Coast Guard. Except for two air carriers, all parties responded
such that 62 complete or partially complete questionnaires were
returned.

10



Although the questions were designed to obtain completely
objective information, in many instances, an inspector's estimate
of his defect detection ability seemed too optimistic in view of
the evidence on detected crack lengths in the MRR/SDR reports.

Two questions, What is the smallest defect that will always
be detected? and What is the smallest defect that it is possible
to detect?, were intended to determine an upper and a lower bound
on the probability of detection versus defect size for each type
of inspection. However, the varied responses to the two questions
indicated that some inspectors understood the intent of the
questions, but others did not.

Since the validity of the answers was uncertain, the ques-
tionnaire data was not used to generate quantitative probabilities
of detection. However, the shape (log-normal) of the distribution
of the responses for the minimum detectable defect size was judged
to be representative of the actual population and, therefore, the
log-normal mean was used as the minimum detectable length in the
probability of detection equations.

The answers to questions #9 and #14 indicate that of all
L inspector-detected cracks, 30.2 percent were judged to have been

initiated by nicks, gouges, dents, or other service-related
damage.

In a format with each question enumerated and followed by a
summary of the responses, Appendix B lists the results of this
survey. These results were used to define the decision functions
presented in Section II, 3.3 and 5.6, of Volume II of this report.

4. Mechanical Reliability Report/Service Difficulty Report

(MRR/SDR)

All MRR/SDR's pertaining to primary structure and submitted
to the FAA from 1963 through 1973 were processed into a computer-
compatible format. This format was developed on the basis of work
originally performed by Flanagan (Reference 6). After the pro-
cessed data was supplemented by related data extracted from
Service Bulletins, Airworthiness Directives, Structural RepairManuals, and Illustrated Parts catalogs, the resulting data was
sorted by aircraft type, defect type, and MRR/SDR control number.
The complete tabulation is presented in Appendix C.

The MRR/SDR data represents the largest amount of available
data on structural deficiencies detected in transport aircraft.
Although the sample size alone of this data offers the potential
for its statistical validity, there are two questions concerning
such validity: Aro all pertinent defects reported? and Is sig-
nificant data lost because of incomplete reports or narrative type
of entries?

]i 11



The variation in the number of MRR's preoared fot each aiw-
craft type and submitted by each air carrier imples the possi- i
bility that the various air carriers use different criteria in
deciding when an MRR should be submitted. This possibility, how-
ever, was ignored, and the MRR data was assumed to be representa-
tive because of its large sample size.

Although many items in the MRR/SDR's were not documented, as
indicated by the UNK (unknown) entries in the Appendix C tables,
the filled-in entries were assumed to be representative of all
reports, again because of the large sample size.

During the 11-year period (1963 through 1973) covering the
data sample, the jet transport fleet varied as hundreds of new
aircraft were added and scores of others were retired or sold
outside the United States. Nevertheless, to derive crack and
corrosion defect occurrence rates, the data sample was assumed
to represent 1406 aircraft and 45,791,114 flight hours on the
basis of the data in the annual volumes of the FAA Statistical
Handbook.

The Appendix C data was used to define many of the func-
tions presented in Section II, 3, 4, 5, and 7, of Volume II of
this report.

12



RE FE REN CE S

1. BOEING 747 FATIGUE INTEGRITY PROGRAM, The Boeing Company)
747 Division, Everette, Washington, February 19 0.

2. Stone, M.B., and H.F. Heap, DEVELOPING THE DC-10 STRUC-
TURAL INSPECTION PROGRAM, presented at the 7th Annual FAA
International Aviation Maintenance Symposium, Oklahoma
City, Oklahoma, December 1971..

3. Johnstone, W., et al., DC-10 FUSELAGE FAIL-SAFE ANALYSIS,
VOLUME 1, BASIC SHELL SKIN CRITERIA, Douglas Aircraft
Company, Inc., Report No, DAC 67714, Long Beach,
California, March 1971.

4. DC-8 INSPECTION AND MAINTENANCE PROGRAM, VOLUME ONE,
Air Transport Association of America (ATA), New York
Avenue, N.W., Washington, D.C., October 1957.

S. Excerpts from the Air Transport Association of America
(ATA) Annual Engineering and Maintenance Conference, held
in Phoenix, Arizona, September 1968,

6. Flanagan, S.E., A SYSTEM FOR DESCRIBING STRUCTURAL DEFECTS
FOUND IN LARGE COMMERCIAL AIRLINERS, an unpub'lished FAA
paper, January 31, 1974.

13



IAPPENDIX A

ELEMENT INPUT DATA FOR A
SAIPE DEMONSTRATION PROBLEM



SLEMENT IDENTIFICATION ABBREVIATI NS

PRIMARY LOCATION FUS Fuselage
WNG Wing
WSC Wing Center Section

AIRCRAFT BLBMENT ACC Access
DOR Door
MFR Main Frame
SPR Spar
STR Stringer
SWB Spanwise Beam
WIN Window

RBLATIVE LOCATION AFT Aft
CEN Center
FWD Forward
B0T Bottom
SID Side
TOP Top
LSA Lower Surface Aft
LSC Lower Surface Center
LSF Lower Surface Forward
USA Upper Surface Aft
USC Upper Surface Center
USF Upper Surface Forward

COLUMN HEADER DEFINITIONS

AVERAGE FATIGUE LIFE - Either Predicted (PRED.) or Actual
is input with the other being left
as zero

CRACK GROWTH RATE Slow Rate from Initiation to
Critical (CRIT.) Length

iF Fast Rate from Critical Length
i to Failure (FAIL.)

MOD LEAD TIME Lead Time required for Mod
Installation. Input as Flight
Hours Equivalent to days:
Day * 8.2 - Fit. Hr.

TEST MOD 1 - Mod is Fatigue Tested
2 a Mod is not Tested

INSPECTION INTERVAL Factor by which Inspection
Intervals are Automatically
Increased (INCR.) or Decreased
(DECR.)

16



PROBABILITY OF INTERNAL " Probability that a Crack (CRK.)or Corrosion (CORR.) is Internal

INSPEC LEVEL Lowest Inspection Interval that
includes the Internal (INT) Surface
of an Element and the Lowest Inspec-
tion Interval that includes the
External (BXT) Surface

COST - All Costs are in Dollars

. PROB CORR STRS CON Probability of Corrosion Occurring
in a Stress Concentration

i

.-1

I
I
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This appendix pcovides the revised program input used in the final demonstration

which was run by the FAA National Field Office. Input data is listed for the

aircraft, a representative sample of elements (154 elements out a total of 2076

in the complete airplane) and the full demonstration elements (complete

fuselage and wing minus one wing and one side of the fuselage) in the order

given. The original input was revised by adding the additional input items

called for by the revised model and by revising the original input values where

indicated by a an additional review of design and service data.

Aircraft Input Data.

The aircraft input variables are as defined in and are listed in the order given I'
in the revised User's Manual (Volume IV Book 2). Some of the original element

input data items which did not vary between elements were changed to aircraft

input and vice versa as a matter of convenience or increased flexibility. It

should be noted that the program can be easily revised to shift element input

data items to aircraft input and vice versa to fit the particular situation

being simulated. Also some additional input items were required by the revised

conputer model. The values for inspection, repair and modification costs were
4-4

completely revised based on a review of airline engineering and maintenance

conference reports. These costs were shifted from element to aircraft input as

the same costs applied to all elements.
A

Element Input Data

The element input variables are as defined in and are listed in the order given

in the revised User's Manual (Volume IV Book 2). The major changes and

additions to the original element input data are described below:
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glemont identification - 7he eleenmt Identification was hanged to be as

follows, to allow for &eparate element types for fuselage main frames,

doors and windows which are primarily loaded by flight loads and to allow

for separate element types for critical splicesa

PRIMARY LOCATION - FUB Fuselage

WNG Wing

WSC Wing Center Section

AIRCRAFT ELEMENT ACC Access

MR Door

FRM Frame

FRF Frame - Flight Loaded

MFR Main Frame

M#F Main Frame - Flight loaded

SPR Spar

SPS Spar Splice

sM Spanwise Bean

SWS Spanwise Bean Splice

WIN Window

RELATIVE LOCATION AFT Aft

CEN Center

FWD Forward

BOT Bottom

SID Side

TOp Top
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LSA Lower Surface Aft

LSC Lower Surface Center

LSF lower Surface Forward

USA Upper Surface Aft

USC Upper Surface Center

USF Upper Surface Forward

Predicted Life - The predicted lives were changed to more closely reflect

the variation of fatigue life and stresses throughout the structure. It

was recognized that the forward portion of the wing box typically has

lower stresses and that fuselage frame elements are typically less affected

by manuek ers and gusts than the stringer elements.

Crack Growth Rates and Crack Lengths - These input data were changed to

more closely reflect the actual data and additional variables were added to

include dwell at the crack stopper and subsequent crack acceleration.

Different crack lengths were input for cracks initiating internally than

for crack initiating externally where appropriate. The crack length, at

which interval cracks became external, was added as an input variable to

provide more realism.

Modification Lead Time and Inspection Interval Factors - These variables

were shifted to aircraft input as they did not vary between elements.

loading Spectrum Parameters AMEAN and B - These parameters were varied

between element, types and individual elements to account for the variation

in type and severity of loading spectra and was based on an industry power

spectral density analysis for a narrow body jet transport.
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10% SAMPLE INPUT IPATA

The following Input data represents a 102 sample of the structural
I elements of a hybrid aircraft. The first five lines of the Input data

represent aircraft input data which are constant for all structural
elements. The order of the aircraft data in that described in Volume 4,
Appendix A. After the aircraft datal the structural element Input data
are repeated In groups of six lines. Each group of structuial element
data begins with a unique name. The structural element input elata are
in the order desecrbad in Volume 4p Appendix A.
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FULL AIRCRAFT INPUT DATA

The following input data represents the structural elements of a hybridaircraft. The first five lines of the input data represent aircraftinput data which are constant for all structural elements. The orderof the aircraft data is that described in Volume 4, Appendix A. Afterthe aircraft data, the structural element input data are repeated ingroups of six lines. Each group of structural element data begins withSdc d Vl 4na unique namo. The structural element input data are in the orderr ~described in Volume 4, Appendix A. !
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